Introduction
The incidence of intracranial traumatic pseudoaneurysm (TPA) is low which accounts for less than 1% of all intracranial aneurysms. Traumatic aneurysms are most often seen in artery segments of petrous or clinoid of internal carotid, cavernous sinus, middle or anterior cerebral arteries [1, 2] . Most TPA are not a true aneurysm resulting from dissection causing separation between the intima, elastic lamina, middle and adventitia of the blood vessel. The pseudoaneurysmal wall usually consists of thrombus and tissue debris without a capsule or a neck. During surgery, a pseudoaneurysm is prone to be peeled off from the artery, ruptured and bled causing significantly debilitating morbidity and mortality. Moreover, surgical treatment for TPA is challenging with difficulty in approaching with high risk in morbidity and mortality [1, 3, 4] . There usually are three surgical approaches: 1) indirect approach which involves ligation or embolization of the diseased artery or anastomosis between intra-and extracranial arteries; 2) direct operation which clips or sutures the peusoaneurysm; and 3) an endovascular procedure using a stent or coil [5] . The occurrence of TPA in the posterior inferior cerebellar artery (PICA) is extremely rare. To our knowledge, there are only a few cases of PICA-TPA reported and no consensus on the treatment is seen in the literature [6] . We report here a case of PICA-TPA which was surgically managed successfully.
Case Report
A 44-years old woman presented with sudden onset of headache, change in mental status and vomiting for 3 hours. Reportedly she had a mild traumatic brain injury (TBI) 6 weeks prior in a fall during which her left face hit the ground (figure 1) without loss of consciousness and without any neurologic deficits. On examination she exhibited stupor, GCS score = 9, with nuchal rigidity, abnormal Kernig sign but no other focal findings. Brain CT showed hemorrhage in the 3 rd , 4
th and bilateral ventricles with a small amount of subarachnoid hemorrhage [Hunt-Hess scale = 4] ( figure 2 ). An initially provisional diagnosis of spontaneous intraventricular hemorrhage was made. She was admitted into the intensive care unit.
Her mental status improved 12 hours after admission. Repeat brain CT scan showed a reduced amount of intraventricular hemorrhage while CT angiography (CTA) showed a suspicious cerebellar artery aneurysm which was confirmed by conventional with digital subtraction angiography (DSA) showing an aneurysm of 1.5 x 3.0 x 4 mm in size with a neck of 3 mm in width attached to the right PICA ( figure 3A) . Considering the size, shape, and location of the aneurysm, and the beneficial and adverse effects of treatment, the option of open surgical procedure to clip was chosen. 
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After opening the foramen magnum and posterior arch ring via the posterior midline approach, it was noted that subarachnoid hemorrhage in the posterior fossa was insignificantly visible. Under adequate exposure, the right PICA was visualized as 2 mm in diameter originating from the right vertebral artery and tortuously traveling towards the ventrolateral aspect of the brainstem. An olive-shaped, partially muscular, blood clot, 10 mm in length and 6 mm in diameter adhering to the surrounding brain tissue and arachnoid emerged, as the one that was initially misimpressed as the PICA aneurysm by CTA and conventional angiogram. During the exploring procedure on the right PICA along the whole bump of the "aneurysm", the "mass" suddenly separated free and a V-shaped crack appeared on the PICA (figure 3C). As simply clipping PICA to stop bleeding would cause ischemia and possible infarction in the PICA territory, direct suturing the ruptured PICA was performed using 9-0 Prolene suture which successfully sealed the PICA (figure 3B). Histological study on the separated mass showed neutrophils and lymphoplasmacytic infiltration with necrosis consistent with a pseudoaneurysm (figure 4). Postsurgical conventional cerebral angiography with DSA showed a normal PICA in shape and length. The previously recognized "aneurysm" was no longer seen ( Figure 5) . A week post-operation, the patient who recovered well with no neurological deficits was discharged home.
Discussion
To our knowledge the incidence of PICA-TPA is extremely rare. A PubMed searching showed only 9 cases in total which were pooled from 7 articles for the period from 1985 to 2015 [6] [7] [8] [9] [10] [11] [12] . Among those cases, all had intraventricular or subarachnoid hemorrhage, 6 with TBI and 4 of them had a skull fracture, 5 with transient loss of consciousness, and only 1 without obvious TBI, fracture or loss of consciousness. Apparently, there was a relationship between the TBI and the occurrence of PICA-TPA. Fractures in the slope and occipital areas were recognized as the most frequent injury in locations with the occurrence of PICA-TPA in the posterior circulation which had been confirmed by craniotomy in 4 out of 5 [6] [7] [8] [9] [10] [11] [12] . The intracranial vascular vessels lack the external elastic layer and have a thin inner smooth muscular layer. Approximately 15%-25% of the aneurysms are caused by an open head injury while 70% by a closed head injury directly or indirectly impact blood vessels. Accelerating or decelerating brain injury may shear and tear dura and blood vessel as the brain and the skull moves at different speeds relative to the motion generators [1] [2] [3] [4] , particularly in the segment of the internal carotid artery in petrous or clinoid locations, or vertebral, basilar, PICA arteries, or cavernous sinus. Occurrence of TPA usually results from intracranial vascular injury triggered by external forces.
Several clinical manifestations may suggest a plausible diagnosis of TPA after TBI, such as 1) delayed neurological deterioration; 2) concomitant subarachnoid hemorrhage; 3) a large intracerebral hematoma; and 4) unexplainable bleeding during the evacuation of an intracranial hematoma. Clinical features of the PICA-TPA may include a delayed onset of headache, change in mental status, and intracranial hemorrhage into the fourth, and sometime the third and lateral, ventricle. Rupture of a TPA may occur mostly 2-3 weeks after a TBI, however, it may occur as early as a few hours or delayed after 10 years [1, 8, 13] . Brain CT and angiography imaging are valuable tools to initially identify if there is a TPA in patients with intracerebral hemorrhage. Occasionally a negative brain CT angiography can be encountered due to vasospasm and the small caliber PICA. Brain MRI may provide additional value in evaluation of the pseudoaneurysm, particularly for those perivascular in location with a round or irregular shape and larger in diameter than the abnormal signals for an aneurysm displayed on cerebral angiography [1, 2] . Diagnosis can be made with a conventional cerebral angiography with 3D-DSA which is considered the gold standard in making diagnosis. It may show an irregular contour with round, gourd-like, or teardrop in shape of the TPA. A delay in filling and emptying of the contrast agent is often evident. Rarely, missed diagnosis may occur such as seen in our case.
Our case was unique as the patient only suffered a mild TBI without loss of consciousness or presence of focal neurologic deficits for up to 6 weeks. Findings of the presenting symptoms with sudden onset of headache, change in mental status and vomiting for 3 hours and neurologic examination showing nuchal rigidity and abnormal Kernig sign, all indicated the signs of presence of an increased intracranial pressure in this patient, possibly due to small bleeding, leaking into the posterior fossa from the pseudoaneurysm. A visible bruise on her left zygomatic area from the fall was realized on admission ( Figure 1 ). Her clinical manifestations were consistent with those of PICA-TPA. However, the correct diagnosis was not made until during the craniotomy as the initial cerebral angiography misinterpreting a PICA aneurysm. No MRI was performed in our case. No fracture or tearing dura or vessels, or structural lesions in the brainstem and cerebellum were found in craniotomy. Unexpected separation of the PICA-TPA produced a V-type crack in the PICA causing massive bleeding which was surgically repaired successfully.
The mortality of a ruptured pseudoaneurysm is high as reported 32%-50%, while surgical intervention decreased it to less than 10% [1, 4] . The mortality of PICA-TPA is unknown but may be higher due to its anatomic location. Differential diagnosis including pseudoaneurysm should be exercised in TBI patients. Surgical options for treating traumatic aneurysm include indirect or direct approaches and endovascular procedures [2, 4] . The mortality of those performances are high because majority of traumatic aneurysm are pseudoaneurysm in nature, and the aneurysmal wall is fragile and consists of injured smooth muscle layer of the blood vessel and neural tissues, which are prone to rupture [1, 2, 4] . Therefore, surgical approaches are preferred [4] . Direct surgery with clipping yields a low efficacy and difficulty in reconstruction of the artery plasticity and a high rate of the re-stenosis after the procedure [14] . Endovascular therapy has been increasingly used recently in treatment of aneurysms but remains a challenge in managing TPA as it is prone to rupture if using coil embolization. Notably, some aneurysms may rupture after embolization. While a stent and coil embolization in combination is a better way for treating a larger vessel aneurysm [5, 14, 15] . Treatment for PICA-TPA should be individualized based on the size and location on PICA. There are five areas that had been suggested for comparison in surgical outcomes: front medulla, lateral medulla, posterior medulla, cerebellar tonsils, cerebellar hemispheres and vermis. Unfortunately, no satisfactory benefits have been reported [16] . O'Schuster and colleagues reported three cases of PICA-aneurysms in medulla oblongata receiving clipping procedures. One of the three with an aneurysmal neck recovered well while the other 2 without a neck had brainstem symptoms [16] . O'Shaughnessy and colleagues reported a case of the PICA pseudoaneurysm at the initial bifurcation location, an anastomosis between the PICA and vertebral artery was performed and achieved a clinical better outcome [17] .
In our PICA-TPA case, rupture of the PICA involving the lateral medulla oblongata could not be ligated. Microclipping was employed temporarily to stop bleeding while suturing on the ruptured PICA was carried out successfully to sustain PICA irrigation. Similarly, a technique to repair a tear at the base of a blister-like aneurysm was once previously recommended using suturing and an encircling clip [18] . Actually, suturing the ruptured atrial vessel is a relatively simple procedure and easy to perform. It may be a choice of options in treating PICA-TPA.
Conclusion
PICA-TPA is extremely rare. Clinical manifestations of PICA-TPA may include a delayed onset of deteriorating neurologic symptoms with headache, change in mental status, and the signs of increased intracranial pressure. PICA-TPA may result from TBI with posterior fossa fracture, or even a mild TBI without initial clinical symptoms. Cerebral angiography confirms the diagnosis but a missed diagnosis may occur. Treatment options may include direct and indirect surgery and an endovascular procedure. Suturing the ruptured vessel may be beneficial.
